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A plot of the correlation function of a given DNA sequence has certain characteristic features common to
almost all organisms. One common feature is that the correlation values at distances that are multiples of three
is higher than correlation values at other distances. Because of this such a correlation plot can be divided into
two or three curves with different scalings. P. falciparum has a rare correlation property which is probably
unique. I have analyzed genomes of many bacteria, fungi and protozoa and found that P. falciparum is the only
organism whose DNA sequence correlation plot can be divided into four curves with different scalings. This
property is neither shared by other species of the Plasmodium genus nor by other AT rich genomes. This could
be a hint that the DNA sequence of P. falciparum has undergone certain rare mutational events.
I. INTRODUCTION
The DNA sequence contains all the information essential
for the survival and growth of any organism [1]. Since the
beginning of life on earth, these sequences have been sub-
ject to mutations which can be spontaneous [2] or induced
[3]. Though spontaneous mutations would have produced
a random DNA sequence, induced mutations lead to certain
non-random features. More non-random features are incorpo-
rated in the DNA sequence by the process of natural selec-
tion (fitness) since any random sequence of nucleotides will
not be able to successfully survive and replicate in given en-
vironmental conditions. The non-random nature of DNA se-
quences has also been supported by statistical analysis which
has shown that these sequences have long-range correlations
[4, 5].
Correlation studies of DNA sequences have not only con-
tributed to a better statistical understanding of these naturally
occuring sequences but also to the development of some bi-
ologically important insights and tools. In [6], it was shown
that the correlation pattern of various organisms carry a char-
acteristic signature which can be used to construct phyloge-
netic trees of various eukaryotes. This is an important con-
tribution since unlike the other phylogenetic methods which
are based on sequence alignment, a correlation based method
is both much more simple and independent of the length of
the DNA sequence. In another paper [7], jumps in correlation
value along the DNA sequence were shown to be a better way
to identify the origin of replication in various organisms. It
was shown that a correlation based method is not only better
than the conventional methods for identifying bacterial origins
of replication, but it can also predict the origin of replication
in certain higher organisms.
The above methods utilize the fact that the correlation pat-
tern of each organism has certain characteristic features. How-
ever, the correlation pattern of the DNA sequences of almost
all organisms also share some common features. One such
interesting feature is that the value of correlation among nu-
cleotides that are separated by a distance that is multiple of
three is usually higher than the values of correlation at other
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distances [8]. Thus, a plot of correlation values with respect
to nucleotide distance can usually be divided into two or three
curves with different scalings (see Sec. III). This fact has also
been linked to the presence of base 3 peridicities in genomes
[9, 10]. Though this is true for almost all organisms, I have
found a special case (Plasmodium falciparum) where the cor-
relation plot corresponding to the Adenine (and Thymine) nu-
cleotide can be divided into four curves with different scaling
properties. This feature seems to be unique to P. falciparum
and is most probably not shared by any other organism (not
even other species of the Plasmodium genus).
In Sec. II, I have described the correlation method used.
An analysis of the correlation plots of various organisms (P.
falciparum, P. knowlesi and D. discoideum) is contained in
Sec. III. At the end, Sec. IV contains the discussions and
conclusions.
II. METHODS
The most commonly used way of calculating the auto-
correlation of a DNA sequence is to convert it into a binary
sequence. Since a DNA sequence is made up of four nu-
cleotides (A,T,G,C), we can generate four binary sequences
out of any given DNA sequence and each of these binary se-
quences can have different correlation properties. However,
as it turns out in almost all cases, the correlation properties of
A are very close to the correlation properties of T (similarly
for G and C). Thus, in this paper, we will consider only the
binary sequences associated with A and G. To generate the
binary sequence corresponding to G, we assign a value +1 to
every occurrence of G and −1 to all other positions (similarly
for A). The lengths of both these sequences are identical and
same as the length of the original DNA sequence.
Let us denote the binary sequence corresponding to the nu-
cleotide A by {ai : i= 1,2, ...,N} and that corresponding to G
by {gi : i= 1,2, ...,N} with ai,gi ∈ {+1,−1}. Now, the auto-
correlation functions for the sequences {ai} and {gi} are given
by [11, 12]
CA (k) =
1
N− k
N−k
∑
j=1
a ja j+k (1)
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Figure 1: CG (k) vs. k for P. falciparum 3d7 chromosome 10. Curve
1 corresponds to k= 1(mod 3), curve 2 corresponds to k= 2(mod 3)
and curve 3 corresponds to k= 0(mod 3). As can be seen, the values
of CG (k) in curve 3 are higher than that for curve 1 and 2. This cor-
relation pattern is similar to that observed in many other organisms.
CG (k) =
1
N− k
N−k
∑
j=1
g jg j+k (2)
where k ∈ {1,2,3, ...,N−1}. Similarly, we can also define
CT (k) and CC (k) corresponding to the nucleotide T and C
respectively. One important feature of the auto-correlation
function is that its value (between 0 and 1) is independent
of the length of the sequence which makes it easier to com-
pare DNA sequences of varying lengths. Lower value ofC (k)
corresponds to lower correlation strength and vice-versa. The
value of C (k) for a typical random sequence will be zero and
for a highly correlated sequence will approach unity.
All DNA sequences used in this paper were downloaded
from NCBI [14] and PlasmoDB [15] websites.
III. RESULTS
The auto-correlation plot for A,T,G or C of almost any or-
ganism shows a distinct characteristic, namely that the mag-
nitude of the auto-correlation for k = 0(mod 3) is higher than
that for other values of k. This feature can also be linked to the
presence of base 3 periodicity in genomes [8]. Though this
feature is also present in the plots of both CG (k) and CA (k)
for P. falciparum, the plot of CA (k) has some distinct features
which are probably unique in nature.
Figure 1 shows the plot of CG (k) vs. k for P. falciparum
3d7 chromosome 10. Curve 1 corresponds to k = 1(mod 3),
curve 2 corresponds to k= 2(mod 3) and curve 3 corresponds
to k = 0(mod 3). As can be seen, the magnitude of CG (k) in
curve 3 is higher than that for curve 1 and 2. This correlation
pattern is same as that observed in many other organisms.
Figure 2 shows the plot of CA (k) vs. k for P. falciparum
3d7 chromosome 10. Curve 1 corresponds to k = 1(mod 6)
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Figure 2: CA (k) vs. k for P. falciparum 3d7 chromosome 10. Curve
1 corresponds to k = 1(mod 6) and k = 5(mod 6), curve 2 corre-
sponds to k = 2(mod 6) and k = 4(mod 6), curve 3 corresponds to
k = 3(mod 6) and curve 4 corresponds to k = 0(mod 6). Among all
the correlation plots we have analyzed, it is only the correlation plot
for A (and T) of P. falciparum 3d7 that has four distinct scalings.
This property makes this correlation pattern quite unique.
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Figure 3: CG (k) vs. k for P. knowlesi strain H chromosome 14. Curve
1 corresponds to k= 1(mod 3), curve 2 corresponds to k= 2(mod 3)
and curve 3 corresponds to k= 0(mod 3). As can be seen, the values
ofCG (k) in curve 3 are higher than that for curve 1 and 2 (at least for
k ≤ 30). This correlation pattern is similar to that observed in many
other organisms.
and k = 5(mod 6), curve 2 corresponds to k = 2(mod 6) and
k= 4(mod 6), curve 3 corresponds to k= 3(mod 6) and curve
4 corresponds to k = 0(mod 6). This clearly shows that the
correlation for the nucleotide A of P. falciparum 3d7 chro-
mosome 10 has four different scalings. This feature is shared
by CA (k) and CT (k) of not only all P. falciparum 3d7 chro-
mosome 10 but also all other chromosomes of this organism.
It is an interesting finding that only the correlation patterns
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Figure 4: CA (k) vs. k for P. knowlesi strain H chromosome 14. Curve
1 corresponds to k= 1(mod 3), curve 2 corresponds to k= 2(mod 3)
and curve 3 corresponds to k= 0(mod 3). As can be seen, the values
ofCG (k) in curve 3 are higher than that for curve 1 and 2 (at least for
k ≤ 30). This correlation pattern is similar to that observed in many
other organisms.
corresponding to the Adenine and Thymine nucleotides of P.
falciparum have this rare property. The correlation patterns
corresponding to the Guanine and Cytosine residues show a
behavior that is similar to that of many other organisms.
A question that arises is whether this same correlation pat-
tern is observed in other species of Plasmodium. I have ana-
lyzed several chromosomes belonging to P. vivax, P. berghei,
P. chabaudi and P. knowlesi but did not find separation into
four scalings in any of them. Figures 3 and 4 show the plots
for CG (k) and CA (k) in P. knowlesi strain H chromosome
14 and it can be clearly seen that this organism has correla-
tion features similar to that found in many other organisms,
namely that the correlation for k = 0(mod 3) is higher than
that for other values of k. Similar results were obtained for
chromosomes of other species belonging to the Plasmodium
genus which have an unusually high AT content. In order to
rule out the possibility that the rare correlation property of P.
falciparum could be a result of its high AT content, I have an-
alyzed the correlation plots of other organisms (not belonging
to Plasmodium genus) with a high AT content and found that
the correlation feature of P. falciparum (80.61% AT content)
is indeed unique. Figures 5 and 6 show the plots for CG (k)
andCA (k) of D. discoideum AX4 chromosome 4 (77.74% AT
content) and it can be clearly seen that this organism also has
the standard correlation features found in many other organ-
isms.
Among all the correlation plots I have analyzed, it is only
the correlation plot for A (and T) of P. falciparum 3d7 that has
four distinct scalings. This property makes this correlation
pattern quite unique. I have also analyzed the genomes of
many other bacteria, fungi and protozoa but not found this
feature in any of them. This hints at the possibility that some
unique evolutionary events have happened in P. falciparum
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Figure 5: CG (k) vs. k for D. discoideum AX4 chromosome 4. Curve
1 corresponds to k= 1(mod 3), curve 2 corresponds to k= 2(mod 3)
and curve 3 corresponds to k= 0(mod 3). As can be seen, the values
ofCG (k) in curve 3 are higher than that for curve 1 and 2 (at least for
k ≤ 30). This correlation pattern is similar to that observed in many
other organisms.
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Figure 6: CA (k) vs. k for D. discoideum AX4 chromosome 4. Curve
1 corresponds to k= 1(mod 3), curve 2 corresponds to k= 2(mod 3)
and curve 3 corresponds to k= 0(mod 3). As can be seen, the values
ofCG (k) in curve 3 are higher than that for curve 1 and 2 (at least for
k ≤ 30). This correlation pattern is similar to that observed in many
other organisms.
which are not shared by any other organism.
IV. DISCUSSION AND CONCLUSION
Though it is known that the correlation strength at k =
0(mod 3) is higher than that at other values of k, the reason
for the presence of this property in almost all DNA sequences
is not yet understood. What is known is that this property
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nucleotides at the three positions [8]. In the case of P. falci-
parum also, the presence of four different scalings is not due
to any inhomogeneity in the nucleotide percentage at the six
positions along the DNA sequence. Uncovering the reason for
the presence of such correlation structures in DNA sequences
will surely lead to a better understanding of the underlying
mutational dynamics and I hope that this reason will be found
in the near future.
It has been shown in this paper that the correlation pattern
of P. falciparum is quite rare and probably unique. This corre-
lation pattern is different from even that of other Plasmodium
species and other AT rich genomes. However, the correlation
plot of P. knowlesi also has some properties different from
that of D. discoideum. As can be seen in Figs. 5 and 6, the
three distint curves of correlation for D. discoideum are quite
smooth. However, as can be seen in Figs. 3 and 4, the various
correlation curves of P. knowlesi are very noisy. This noisy
behavior is also characteristic of the correlation patterns of
species belonging to Plasmodium. Correlation plots of other
organisms have a smooth behavior like that of D. discoideum.
This could possibly hint at the presence of certain rare muta-
tional pressures experienced by all the organisms belonging to
Plasmodium.
Species belonging to Plasmodium are known to cause
malaria, which is one of the most severe human infectous dis-
eases [13]. Several major research groups around the world
are working towards developing an effective drug to combat
this deadly disease. Any success in this direction will cru-
cially depend on the identification of certain special properties
of the DNA sequence of P. falciparum and other Plasmodium
species. In this paper, I have shown that the DNA sequence of
P. falciparum has a very special property which as well might
be unique to this organism. Since the correlation patterns in a
DNA sequence are the result of numerous mutation and selec-
tion pressures, it is quite possible that the DNA sequence of
P. falciparum has undergone certain uncommon evolutionary
dynamics. A further investigation in this direction could help
us in unravelling important phenomenon associated with the
evolution of P. falciparum which, in return, might help us in
developing effective drugs to combat malaria.
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